A new assessment of Activities of Daily Living has been developed specifically for use with people with dementia. The assessment is a carer rated instrument consisting of 20 daily-living abilities. The scale has 'face validity', assessing items rated as important by and using levels of ability generated by carers. It has 'construct' validity as demonstrated by principal components analysis. It has 'concurrent' validity in that it correlates well with observed task performance. It has good 'test-retest' reliability as measured by Cohen's Kappa and it correlates well with the Mini-Mental State Examination. Carers report that it is easy to use and it is relatively short. The authors believe the scale will be useful when assessing demented patients in the community or as part of clinical research trials.
Introduction
Establishing a diagnosis of dementia requires not only decline in cognitive performance, but also that this decline significantly interferes with the affected person's work, usual social activities or relationships with others [1] . Knowledge about a person's ability to undertake normal Activities of Daily Living (ADL) is an essential part of the overall assessment of a person with dementia and is important in determining the diagnosis and in evaluating change. Although there has been considerable investment in developing assessment scales to measure cognitive change in people with dementia, there are fewer protocols specifically designed to assess change in non-cognitive variables, and many authors have commented on the need for the development of such scales [2] [3] [4] [5] . Apart from diagnosis, the measurement of ADL performance allows the assessment of treatment effects, care-giver burden, the targeting of interventions and care packages and the elucidation of the link between cognition and everyday functional ability [4, 6, 7] .
Many activities of daily living scales have proved to be insensitive to change in people with dementia [4, 7] . This is because they were designed for use with other groups, such as normal older adults or those with physical disabilities. The Barthel ADL Index [8] for example was developed for use with stroke patients, and the NOSGER [9] , despite its frequent use in treatment trials, was developed as an observational scale for use by professional nursing staff in a hospital setting [10] [11] [12] [13] . Others are hierarchical in nature, classifying patients on the basis of whether or not they can carry out a series of increasingly difficult activities, without being sensitive to change in individual skills [7, 14] , Those that have been developed for assessment in dementia, such as the Blessed-Roth Dementia Scale (DS) [2] or the Functional Activities Questionnaire (FAQ) [15] have been designed to distinguish between normal and abnormal ageing, and therefore do not assess the wide range of ADL skills present in different stages of the dementing process [4, 14, 16] . Furthermore, in our experience, carers frequently comment that the individual items in a questionnaire do not accurately reflect the problems as they identify them. For example, questions about driving or managing finances are not appropriate for everyone.
In a review of measures to determine the outcome of community care for people with dementia [17] , the reviewers found that of 81 scales reviewed only eight measured functional ability. Of these eight only two were designed for community use; the Cleveland Scale of Activities of Daily Living (CSADL) [7] and the Functional Assessment Staging Test (FAST) [18] . The CSADL was designed to cover the range of ADL abilities in dementia and, in addition, takes into account the nature of premorbid performance. It does so by asking carers to decide if the patient actually does the activity and, in cases where they do not (for reasons of expectation or habit), then asks the carer to estimate whether the patient would be able to perform the activity if given the opportunity. Each activity is then rated on a four-point scale. It seems somewhat arbitrary to estimate a person's ability to perform a skill which they have never undertaken. In addition, the CSADL is lengthy and the scoring system potentially confusing. The FAST has not been assessed for its sensitivity to change and is clinician rated.
Other scales developed for use in dementia, such as the Direct Assessment of Functional Status (DAFS) [3] and that developed by Skurla et al. [19] , assess ADL ability by rating the patient's performance on a series of tasks observed by the rater. However, the majority of dementia sufferers live in the community and it is seldom practicable to have trained observers assessing in community care settings. In addition, the tasks do not take into account the heterogeneous nature of peoples' homes, and the effect this may have on their ability to perform ADL tasks. The patient's own kitchen, for example, is a familiar environment which may contain cues to prompt over-learned behaviours; their own kettle, taps, refrigerator or cooker. The unfamiliar stimuli and the pressure of performing tasks also adds to anxiety and lack of co-operation so representing a potential source of distress to subjects and to carers [4] .
The most practical solution for community-based assessment of ADL functioning is an informant-based scale. Whilst this has the potential disadvantage of introducing bias in scoring, perhaps because of the informant's own memory or motives (e.g. to present the sufferer in the best possible light, or the worst), it has the advantage of allowing patients to be evaluated over the full range of their abilities, despite communication difficulties, and it allows evaluation of change over time. Any informant-based scale which hopes to be both sensitive to change and reliable must be clearly worded, unambiguous and directly relevant to the behaviours observed by carers. It must include rating levels which allow for partial changes in performance so as to be sensitive to improvement or decline. Ideally, it must also be brief in order not to overtax the carers.
This paper describes the development and preliminary evaluation of an ADL scale, the Bristol Activities of Daily Living Scale (BADLS). This scale was designed to provide a baseline assessment of ability of demented subjects and to be sensitive to change. It was also designed to be brief enough to be used in the same way as the MMSE [20] , as a short assessment of functional ability. The report evaluates the usefulness of the resultant scale in a sample of older adults with dementia or memory loss living in the community.
Methods
The development process was undertaken in three phases: in Phase 1, possible scale items were identified, on which carers then commented; in Phase 2, the revised scale was validated against observed task performance and test-retest reliability was established; in Phase 3, the final scale was readministered and validity established by principal components analysis and correlation with cognitive test performance.
Subjects: Subjects were patients who had attended the Bristol Memory Disorders Clinic complaining, of memory or other cognitive impairment. Each underwent screening, including physical examination, medical interview, laboratory and radiological investigations, neuropsychological assessment, and where appropriate psychiatric interview. All diagnoses were made using accepted criteria, e.g. DSM-III-R diagnostic criteria for dementia [1] and NINCDS-ADRDA criteria for probable Alzheimer's disease [21] .
Phase 1: Six widely used ADL assessment scales [3, 11, 15, [22] [23] [24] were used as a basis for identifying potential items. Any item which was included in two or more of the six scales was selected as a possible candidate for inclusion; of which there were 22. Table I shows those areas of daily living ability included.
Eighty-one carers of dementia sufferers attending the Bristol Memory Disorders Clinic (BMDC) were then consulted by postal questionnaire and requested to rate their relative's ability on the tasks identified; indicating whether the person with dementia was independent, required some assistance, or was totally dependent. They were also asked to comment about the items and the type of assistance required by the person they were looking after. Each carer was asked to list the five functions that they would most like to see improved or maintained in their relative. All questionnaires were returned anonymously.
Phase 2: A draft scale was designed from the responses to the postal questionnaire. Using the carers' comments, severity statements were devised for each item. In addition, a 'not applicable' response choice was added. For an example of an ADL item see the Appendix.
The draft scale was administered at home by a nurse researcher, along with a series of ADL tasks, rated on an observational scale described below. If carers were unable to choose between options, they were allowed to tick more than one for each task, the most dependent of which was used for scoring the questionnaires later on.
In order to validate the carers' ratings of sufferers' actual ability, an observational scale was designed. The subjects were required to carry out tasks which corresponded as closely as possible to those on the ADL questionnaire. Their ability to undertake these tasks was rated by one of the researchers. A small number of the tasks could not be directly observed unless they occurred spontaneously, e.g. using the toilet. In addition to carrying out the tasks in the subject's own home, each task was designed to be as naturalistic as Table II . Example item from observational scale and scores used Nurse to take a small cake to the participant's home to be cut and served by the participant and to say 'Would you like to slice die cake that I have brought with me'. a. Able (no instructions given) b. Able with instructions/prompts c. Not able even with instructions d. Not observable see Table II .
Each subject was visited twice. At visit 1, the carer was asked to complete the questionnaire and the subject was assessed with the Mini-Mental State Examination (MMSE). At visit 2, a different research nurse asked the carer to complete the questionnaire a second time, but without reviewing the original, and the subject was observed undertaking the tasks on the observational scale.
Phase 3: Following two further modifications made to the scale after Phase 2, the final version of the Bristol Activities of Daily Living Scale (BADLS) was completed by the carers of 59 subjects suffering from dementia or isolated memory loss (see Appendix for BADLS). Each subject was visited in his or her own home at which time the nurse also assessed the subject with the MMSE.
Analysis: Statistical analysis was performed using the SPSS package [25] . BADLS data are nominal in nature. Analysis of the distribution of the data suggested that they were generally normally distributed but where possible nonparametric statistical analyses were employed. Spearman's rank coefficient of correlation was used, except where partial correlation was required when, owing to the lack of a nonparametric alternative, Pearson's correlation coefficient was used. To establish the content validity of the BADLS, a principal components analysis was carried out (principal components analysis with varimax rotation, eigenvalues greater than 1) [26] . For convenience, mean values and standard deviations have been reported.
Results
Phase 1: Eighty-one carers were sent the postal questionnaire and 50 (62%) were returned. From the carers' choice of priority areas, and their unstructured comments, a number of changes were made to the questionnaire; the shaving item was abandoned and other items such as dressing and clothing were combined into a single task. A new item assessing dental hygiene was added.
Phase 2: Twenty-seven subjects, 12 (44.4%) men and 15 (55.6%) women, aged 61-91 years (mean 76.4, SD 6.9), were assessed with the revised ADL scale. The sufferers had a mean MMSE score of 18.2 (SD 6.0) but their severity of dementia ranged from severe, i.e. untestable on the MMSE, to the earliest stages of cognitive decline (29/30 in a premorbidy highly intelligent individual, in whom there was clear evidence of dementia). Twenty-two of the subjects had a diagnosis of probable Alzheimer's disease (pAD) and the other five either multiple infarct dementia (MID) or mixed Alzheimer's disease and multi-infarct dementia (pAD/MID). Subjects were visited twice and the mean number of days between visits 1 and 2 was 8.6 (SD 5.5, range [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .
Test-retest reliability was assessed by comparing questionnaire scores at visit 1 with those from visit 2. The Figure shows a scatterplot of visit 1 against visit 2 total scores (visit 1 mean 26.6, SD 12.7, range 6-56; visit 2 mean 27.4, SD 12.0, range 5-52).
Whilst the correlation between revised ADL scale scores at visit 1 and visit 2 was good (r = 0.95, p < 0.001, 89.4% of the variance explained), a more informative way of evaluating test-retest reliability is Cohen's Kappa [27] . Cohen's Kappa measures the degree of agreement between scores at visit 1 and visit 2 for each item. Table III contains the Kappa scores for each ADL item; the closer to 1.0 the greater the agreement. According to criteria described by Altman [28] , the Kappa scores of the 22 items can be divided into the following categories: three have 'fair' Kappa scores to 0.60); 12 have 'good' Kappa scores (0.61 to 0.80); and two have 'very good' Kappa scores (0.81-1.0). Despite the use of carer ratings, therefore, the test-retest reliability of the ADL scale was good.
In order to establish ADL scale validity, ADL scale scores were correlated both with MMSE and with At visit 1, subjects were assessed with the revised ADL scale and the MMSE. The correlation between these two measures was r= -0.55 (p = 0.01, 30.3% variance explained). Ac visit 2 subjects were reassessed with the revised ADL scale and with the Observational scale. The correlation between observed ADL task performance and carer-rated task performance was r = 0.65 (p = 0.004, 42.3% variance explained).
Analysis of variability in responses led to the removal of two items from the scale. The first, 'Medication', was removed because the majority of the subjects were considered by their carers to be unable to manage their own medication. The second, 'Transferring to bed', was removed because the majority of the subjects were rated as being able to carry out this task independently.
Phase 3: Following the final modifications to the BADLS in Phase 2, 59 carers and sufferers were seen. Twenty-five (42.4%) sufferers were men, 34 (57.6%) women, aged 55-91 years (mean 73, SD 7.4). Thirtyfive had probable Alzheimer's disease (pAD), six MID, nine pAD/MID, and nine isolated memory impairment. Their MMSE scores ranged from untestable, the subjects refused to be assessed (n = 4), to 30 (mean 17.6, SD 6.3). Their carers were husbands (27, 45 .8%), wives (25, 42.4%), daughters (5, 8.5%), a son-in-law (1.7%) and a daughter-in-law (1.7%).
The BADLS has a minimum possible score of 0 (totally independent) and a maximum score of 60 (totally dependent). BADLS scores ranged from 0 to 42 with a mean of 19.2 and SD 11.2, skewness 0.198. BADLS correlated (r=-0.67, p< 0.001, 44.9% variance explained) with the MMSE. There were no differences in total BADLS score between men and women (t -1.1, df 57, p = 0.30), and no relationship with years of education (r = -0.04, p = 0.75). As would be predicted, there was a small but significant by guest on September 23, 2016 http://ageing.oxfordjournals.org/ Downloaded from correlation of BADLS score with age (r = 0.32, p = 0.013, 10.4% of the variance explained). Partial correlation between MMSE and BADLS score, controlling for age, still yielded a good relationship between cognitive test performance and carer-rated ADL ability (Pearson's r= -0.72, p< 0.001, 52.3% variance explained).
Of the 1180 possible scores (59 subjects by 20 items) only 28 (2.4%) were marked as not applicable. Eleven ADL skills were given 'not applicable' scores by the 59 carers. Table IV shows the items, the frequency with which the 'not applicable' option was chosen, and the explanations given by the carers of this choice. In these cases subjects were given a score of independence because it was felt that it would be inappropriate to make assumptions about their level of dependency on these tasks.
Four principal components had eigenvalues greater than or equal to 1, explaining 65% of the variance. These have good face validity and, based on their component items, tentative titles were given to each. Table V summarizes the principal components, their titles and descriptions of their tasks or skills.
Discussion
The aim of this study was to design a brief, easily administered activities of daily living scale which could be completed by carers. Previous researchers have opted for direct assessments using observational scales, or scales administered by trained professionals. Though these are sensible solutions to the problem of reliability, they do not deal with the very real difficulty of assessing in the community. For example, it would be very difficult to standardize all tasks in an observational scale in the community; the assessor might be inadvertently asking the sufferer to carry out an unfamiliar task, e.g. to make a hot drink when they only ever drink cold, or to use unfamiliar utensils or materials. In addition, it would not be appropriate for a stranger to observe activities such as bathing, dressing and toileting, yet difficulties with these form an important part of the breakdown associated with dementia and must be assessed if change is to be measured. Since the majority of dementia sufferers live in their own homes, and this is especially true of those involved in clinical trials, the most immediately practical and cost-effective solution is to design a carer-rated assessment scale.
The difficulty with designing an ADL scale which relies on third-person rating by carers, however, is that the accuracy of the scale is dependent on many factors: the clarity with which the scale is worded, the extent to which it applies to all carers and sufferers equally, and the degree to which carers are reluctant to record the truth about their relative, or have begun to help sufferers carry out tasks which the sufferer could complete but which time does not allow. Perhaps the most important factor is that the nature of dementing disorders makes daily fluctuations almost inevitable, thus rendering a single choice from a rating scale difficult to make. Carers do, however, have prior knowledge of the sufferer's ability, so ensuring that their judgements of current skill level will be in the context of previous functioning. In the case of tasks such as cooking or managing the finances, only a carer would know whether these were tasks in which the sufferer had previously engaged.
We have attempted to overcome these potential weaknesses by involving carers in the design of the scale (so as to make it relevant), by allowing a choice of 'not applicable' (so as to make it flexible), and by designing clear, and unambiguous severity statements for each item from carers' own words.
The BADLS, despite being a carer-rating scale, appears to have both good test-retest reliability and good content validity. The BADLS is easy to complete, as demonstrated by the fact that the 'not applicable' option was used on only 28 (2.4%) occasions over 11 items. Eight of these occasions were for sufferers who had never been involved in 'food preparation' before, and could therefore not be graded on this skill. Despite giving ratings of independence on a task when the 'not applicable' option was chosen, the test-retest reliability, as measured by the correlation obtained, was high. Additionally, for 19 of 22 items Kappa was 0.41 or more (moderate, good or very good), and there was a good correlation with cognitive function as assessed by MMSE. In terms of content validity, the principal components analysis supports the view that the scale is tapping into meaningful constructs of activities of daily living: instrumental activities of daily living, self care, orientation and mobility. The high correlation between BADLS score and observed ability to carry out ADL tasks suggests that carers can be relied upon to provide accurate information about the ability of their relative.
The BADLS is sensitive to a wide range of ADL performance, from individuals who require assistance or are totally dependent on most tasks, to individuals who are completely independent on all tasks. The BADLS is also short (20 items) which compares favourably with the 21 items (30 points) of the MMSE. Carers report finding it easy to complete, in particular because it allows them to rate their relative's typical ability over the previous two weeks.
In addition, though there is a small relationship between age and BADLS score, there is no difference between men and women sufferers. The BADLS correlates well with MMSE performance. While the MMSE has been shown to correlate significantly with education [29] , the BADLS does not. It would seem likely that some of the proportion of the variance not explained in the correlation between MMSE and BADLS (55.1%) is a consequence of years of education. Because assessment of activities of daily living is not associated with education it can therefore add power to the diagnosis of a dementing disorder.
Dementing disorders produce heterogeneous patterns of impairment. Any ADL scale, therefore, must be sensitive to a range of different levels of ADL performance. The BADLS is capable of detecting minimal to severe levels of dependence in ADL ability, and correlates well with different levels of cognitive performance. This sensitivity to levels of dependence and independence is a very positive feature of this new scale, and suggests that it will also be sensitive to change over time. Further evaluation of the scale, already under way, includes comparison with the NOSGER [9] , an ADL scale much used in treatment trials, and analysis of the sensitivity of the BADLS to longitudinal change.
